has had limited use in poultry [6, 7] . However, the effect on selection on altering the shape of the growth curve or growth trajectory has been conflicting. Based on results from a long-term selection experiment in Japanese quail, selection for size or growth rate had little effect on shape of the growth curve. Anthony et al. [8] also reported that the shape of the growth curve was not affected by short-term selection in Japanese quail at any age. In crosses between females of a very small line (which was selected for low BW on long-term divergent selection) and males of random bred population from the same origin, there was a remarkable heterosis effect in the growth rate of the F 1 generation, but their BW was half that of their parents. Heterosis of the Japanese quail was estimated for BW at 4, 6, and 10 wk of age as well as growth rate and fitness traits [9] . Moritsu et al. [10] measured heterosis and reciprocal effects in BW at various ages and egg production traits for reciprocal crosses of the long-term divergently selected lines for 4-wk BW and total plasma phosphorus.
However, few researchers have examined the growth pattern of crossbred populations [11] and there are no reports about the effect of shortterm selection (when there was a small difference in BW between the parental lines) on heterosis, reciprocal effects, and comparison growth curve between lines and their crosses.
The purpose of the present study was to investigate the effect of short-term divergent selection for 4-wk BW on growth characteristics of Japanese quail and to compare these characteristics with those of the reciprocal crosses. An additional objective was to employ the generalized growth model to estimate heterosis (nonadditive genetic variation) and reciprocal effects (sex-linked or maternal effects) for BW at various ages of the Japanese quail.
MATERIALS AND METHODS
The study was approved by the University of Tehran animal care committee, Iran.
Population Structure and Bird Management
The groups used in this experiment were high weight and low weight lines (HH, LL) with 93 and 42 birds, respectively, and a control line (CL) with 100 birds. The HH and LL lines had undergone 7 generations of phenotypic selection for BW at 28 d of age. For the 8th generation, matings made between and within HH and LL lines using age contemporary parents provided parental line and reciprocal F 1 chicks in 2 hatches. Hereafter, progeny type will be denoted showing the sire line first and the dam line second (e.g., HL is HH sire mated to an LL dam). Thus, the 4 mating combinations are HH, LL, HL, and LH. The lines were maintained using a paired mating system. Matings within lines were at random except that full-sib matings were avoided. Twenty pairs of parents were mated to attempt to produce the pure line and reciprocal crosses. Also, a base population was maintained during 8 generation for the control line.
Offspring from all genetic groups were legtagged with a numbered plastic plate that was bolted to the side. The chicks from each group were placed on separate pens with similar environmental conditions. They were reared in artificially lighted housing for 24 h per day from hatch to 2 wk of age and environmental temperature declined from 38 to 25°C during these 2 wk. Then the lighting was gradually reduced to 16 h per day in the third and fourth week and environmental temperature was fixed at 24°C. Vaccination was not carried out during the breeding period for birds. Also, feed and water were available ad libitum and the birds were fed a standard commercial feed containing 26% CP and 2,900 kcal/kg of ME.
In the 5 groups (HH, LL, HL, LH, and CL), BW were recorded from hatch 8 wk of age (weekly).
Statistical Analysis
Data were analyzed by ANOVA with group, sex, and hatch number as sources of variation. Orthogonal contrasts [12] were used when separating lines or reciprocal crosses. Separate contrasts were made for each set of line crosses. The specific contrasts that were utilized include the contrast of the 2 parental lines (additive genetic effect), the contrast of averages of the reciprocal crosses with the average of the 2 parental lines (heterotic effect), and the contrast of the 2 reciprocal crosses (sex-linked or maternal effects). These contrasts were analyzed using Duncan multiple range test of PROC GLM of SAS (2000) software 9.2. Heterosis was expressed as the percentage deviation of the mean of the reciprocal cross or crosses from the mean of the parental lines.
Growth curves were fitted using mean weekly BW of each group (from hatch to 8 wk of age) using nonlinear equations for the 3 growth models (Richard, Gompertz, and logistic) described in Table 1 . Growth curve parameters for the 3 models were estimated for each bird using PROC NLIN of SAS (2000) software 9.2. Data from each genetic group and sex were fitted to the logistic model, which gave the smallest error variance for all genetic groups and sexes. The differences between lines and sex within lines for the 3 model parameters were separated using Duncan's multiple range test.
RESULTS AND DISCUSSION
The descriptions of the statistics of weight at 4 wk of age of the 2 lines and sexes in generation 7 are shown in Table 2 . Many studies have reported a wide range (109-200 g) of 4-wk BW for quail [1, [13] [14] [15] [16] . These differences can be the result of the quail population genetic structure, diet, and environmental conditions.
In our study, the females had higher BW than males at 4 wk of age within HH and LL lines (P < 0.05) ( Table 2 ). Other researchers reported [3, 16, 17 ] a significant differences among sexes at 5 wk of age and older. Minvielle et al. [18] and Mortisu et al. [10] reported that sex has significant effect for BW at 4 wk of age. This is because their sexual maturity begins between 3 and 4 wk of age and sex organ development will start at 4 wk of age in females [18] . In the current study, a significant difference is BW between sexes was observed at 4 wk. There was a significant difference for 4-wk BW, within lines and between lines ( Table 2 ). The HH line had higher BW than LL line (with 7-generation selection), which is supported by other reports [11, 16, 17] .
Heterosis and reciprocal cross and among pure line males and females are shown in Table  3 . The heterosis effect was not significant for all traits (P < 0.05). However, heterosis for BW in males was negative at hatch and at 1, 2, and 3 wk of age. It was also negative in females for BW at hatch and 1 and 2 wk of age. It was positive in males for BW at 4 wk of age, and 3 and 4 wk of age in females.
In this study, heterosis was low and not significant because heritability for these traits was high [10, 19] . Marks [20] showed significant reciprocal effects in a cross between long-term selected low weight and high weight lines and their reciprocal crosses and negative heterosis in 6 of 8 comparisons. They attributed the results to greater progress being made in selection for low BW line than for selection for high BW line. Moritsu et al. [10] reported negative heterosis in a cross between long-term selected low weight and high weight lines for 4-and 8-wk BW, but selection response in the high weight line was greater than that of the low weight line. The large negative heterosis indicates the possibil- Values with different superscripts are significantly different between the sexes within group (P < 0.05).
Orthogonal contrasts. P = HH − LL; H = (HL + LH) -(HH + LL); R = (HH + LH) -(LL + HL
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Values with different superscripts are significantly different between groups within the sex (P < 0.05). ity of major genes in the populations that reduce BW [11] . Gerken et al.
[21], in diallel crosses among 2 random bred control lines and a line selected in long-term selection for large body size, reported that heterosis was not significant for BW from 25 through 49 d of age. Piao et al. [9] reported that heterosis for BW of females was observed at 4 and 6 wk of age, but it was not significant at later ages in males and females (10 and 15 wk of age). Vali [2] also estimated percent heterosis for BW at 1 to 63 d of age that was positive at 1, 14, 21, 28, 49, 56, and 63 d of age, but negative at other ages. The reciprocal effects were significant for BW in HH and LL crosses at all ages except 4 wk of age in males and 3 and 4 wk of age in females, indicating the presence of maternal effects, which was also supported by other reports in long-term selection [10] .
The models parameters with 3 growth curve models and coefficient determination, and mean square error for each model on all the genetic groups (HH, LL, HL, LH, and CL) are shown in Table 4 .
All the models have considerably high R 2 values. The coefficient of determination with the Gompertz model was between 0.9965 and 0.9991 and with the logistic and Richard models was 0.9985 or higher. Mean square error using logistic model remained consistently small for all males and females in 5 genetic groups. As expected, parameter A (mature BW) was the highest for HH and the lowest for LL in both males and females in all 3 models (P < 0.05). Also, there were significant (P < 0.05) asymptotic weight differences between females and males for 5 genetic groups in all models. The mature BW (A) for the logistic model was greater than of the weight observed at 4 wk for each one of the 10 line combinations. Also, the parameter K (growth rate) was higher in males than females in all the genetic groups (P < 0.05). The B parameters with the 3 models are different for male and female quails. This difference may be related to the sexual dimorphism on growth trend as reported for chickens [22] . These results were similar to reports for long-term selected lines [4] and their crosses [9, 19] .
There are a few studies for growth pattern crossbred populations after the long-term selection [9, 19] . In the former work, the growth of crossbreds was slightly better than that of highly inbred populations. Piao et al. [9, 11] reported that the growth patterns of parental lines and F 1 population were well adjusted using the Gompertz growth curve.
The growth curves for males and females in 5 genetic groups using the logistic model are given in Figures 1 and 2 . The growth curve of the LL group was lowest because the growth curve parameters of the LL group were lower than other groups (P < 0.05). Aggrey and Marks [4] reported that growth rate was significantly higher in males than females in all lines (low and high line). There was also a significant increase in growth rate of the selected quails for increased 4-wk BW compared with their control counterparts. On the other hand, selection for decreased 4-wk BW resulted in a decline in growth rate. Piao et al. [9, 11] also reported that the growth curve of the F 1 generation in crossing between a long-term selected large BW line and the control line was in an intermediate level between the parental lines, and it was the case with the crossing between a long-term selected small BW line and the control line.
CONCLUSIONS AND APPLICATIONS
1. The growth of the reciprocal crossbred populations from short-term selected lines greatly differing in BW followed closely the mid-parent values, and the growth pattern was well fitted when using the logistic growth curve for all the groups. 2. The effect of heterosis for all measured BW, after the short-term selection, was not significant.
